Evaluation of spectral characteristics of physiological tremor of finger based on mechanical model.
A mathematical model for a physiological tremor of a finger, hereafter referred to as tremor, has been developed in order to evaluate the variation of amplitudes and frequencies at two peaks obtained in the power spectrum of the tremor under two conditions: (a) four loads of weight, 50, 100, 150, and 200 g, are added to the finger (state of load of weight), and (b) the finger is held in a horizontal position with a weight of 200 g for ten minutes (state of fatigue). The mathematical model for the tremor consists of a mechanical system of the finger and a reflex feedback system via the spinal and the supraspinal pathways. In the condition of the load of the weight, the two peaks shown in the tremor spectrum at about 10 Hz and 25 Hz under the condition of no load are generated by the existence of the spinal and the supraspinal pathways. The variation of the frequencies at the two peaks due to the load of the weight, which is not obtained by the previous model (Sakamoto et al., 1998), is possible to evaluate by use of the reflex feedback system which includes the terms up to the second order derivative. The amplitudes at the two peaks of the tremor spectrum increase with the additional weight on the finger because of the increase of the activity level of the active element of muscles controlling the finger. This element is one of the sub-systems constituting the tremor model. Because the activity level of the active element corresponds to the contraction force produced by the muscles, the increase of the amplitudes at the two peaks results from the progress of the recruitment of the motor unit activity by the addition of the weight. The term presenting the activity level is here introduced in the tremor model, so that the phenomenon is found. In the condition of the state of fatigue, the amplitudes at the two peaks increase with the progress of the fatigue because the active element is presented as a function of the time course, so that the activity level of the active element increases with the time course. The increase of the activity level implies the progresses of the recruitment and synchronization of the motor unit activity due to the fatigue. These results obtained from the analysis of the tremor model verify the hypothesis that the amplitude of the tremor oscillation is attributable to the changes of the activity of the spinal and the supraspinal systems.